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ABSTRACT 
 

Nanofiltration is used for the treatment of wastewater containing heavy metals 
to reduce fresh water consumption and prevent the environmental degradation. In 
the present study, removal of Ni2+ and Cd2+ ions from synthetic aqueous wastewater 
has been investigated by a commercial nanofiltration membrane Perma-TFC-NF-
300. Experiments with binary aqueous solutions (CdCl2-NiCl2-water) and (CdSO4-
NiSO4-water) are performed to know the influence of the anion on the separation of 
nickel and cadmium ions. The experiments are carried out for different feed 
concentrations (5, 50 and 150 ppm), feed flowrates (5, 10 and 15 L/min) and feed 
pressures (4, 8, 12, 16 and 20 atm), and corresponding permeate flux and 
rejection/separation are measured. The rejection of both Ni2+ and Cd2+ ions increase 
with increase in pressure. Rejection increases with higher valency of the anion 
owing to increased electrostatic repulsion by the membrane. The rejection increases 
as the feed flowrate increases at constant feed pressure. The rejection of Ni2+ and 
Cd2+ ions decrease with increase in feed concentration. Maximum rejection of Ni2+ 
and Cd2+ ions observed are 98% and 97% for CdSO4-NiSO4-water and 85% and 
80% for CdCl2-NiCl2-water systems, respectively.  
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INTRODUCTION 
Heavy metals are considered as one of 

the serious environmental contaminants 
because of their high toxicity. Nickel and 
cadmium are the main toxic pollutants 
generated by industrial activities. Membrane 
techniques have been used to remove heavy 
metals from wastewaters1-11. The low level of 
the heavy metal concentration in the 

permeate implies that water with good 
quality could be reclaimed for further 
reuse12. Nanofiltration (NF), which is 
considered to be intermediate between 
reverse osmosis (RO) and Ultrafiltration 
(UF), has gained importance due to its 
selective separation. The rejection of solutes 
by NF membranes is mainly influenced by 
two basic membrane characteristics, 
membrane charge and membrane pore size. 
These characteristics control two main solute * Author for correspondence 
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retention mechanisms, charge exclusion and 
size exclusion. Several research works are 
carried out to describe the influence of 
various parameters like pH, temperature, 
concentration, surface charge, surface 
morphology, concentration polarization on 
the ion rejection by NF membrane13-15.  

Ahn et al.16 investigated removal of ions 
in nickel electroplating rinse water using 
low-pressure NF. Mohammad et al.4 
separated heavy metal at a low pressure from 
monovalent Na+ ion and can be treated from 
Ni-P electroless plating waste using a 
negatively charged NF membrane. Ballet et 
al.9 investigated cadmium salt rejection and 
transport coefficients with NF membrane. 
The retention was studied as a function of the 
counter-ions, the ionic-force and pH. Garba 
et al.17 developed a method to analyze 
transport mechanisms involved in cadmium 
salts transport through a NF membrane. They 
evaluated convection and diffusion 
mechanisms as a function of transmembrane 
pressure, solute concentration and nature of 
associated anions.  

The main aim of the present work is to 
investigate the nickel and cadmium removal 
from binary aqueous solutions (CdCl2-NiCl2-
water) and (CdSO4-NiSO4-water) using a 
commercial thinfilm composite polyamide 
membrane Perma-TFC-NF-300 (Permionics, 
Vadodara, India), hereafter referred as NF-
300 membrane, by changing operating 
variables such as the feed concentrations, 
feed flowrates and feed pressures and 
corresponding permeate flux and rejections 
are measured.  

MATERIAL AND METHODS 
Synthetic samples of wastewater are 

prepared by adding required amounts of 
cadmium chloride (CdCl2.2H2O), cadmium 
sulphate    (CdSO4.8H2O),    nickel    chloride 
(NiCl2.6H2O) and nickel sulphate 

(NiSO4.6H2O) to distilled water. Several 
solutions are prepared with different 
concentrations of 5 to 150 ppm. The 
experiments are performed on a Perma®-pilot 
scale membrane system (Permionics, 
Vadodara, (India), shown in Fig. 1. A 
rectangular flat membrane housing cell is 
used for the experiments. The details of the 
set-up, the characteristics of the NF-300 
membrane and experimental procedure are 
given elsewhere2,3. In the present work all the 
experiments are performed at a pH of 5.0. 
The NF-300 membrane is characterized by 
300 Daltons cut-off. The effective membrane 
surface area is 150 cm2 (length 15 cm and 
width 10 cm). The 2 mm thin channel 
passage in the membrane test cell and the 
high cross-flow feed rates used in the 
experimentation will enable the system in 
controlling the concentration polarization to 
some extent. Samples of permeate are 
collected at a given time interval, to measure 
the observed salt rejection, RO (=1-CA3/CA1); 
where CA1 is the bulk feed solute 
concentration and CA3 is permeate solute 
concentration; and permeate volume flux 
(JV). The metal ion concentrations are 
measured by an Atomic Absorption 
Spectrophotometer SL-173 (M/S. ELICO 
Limited, Hyderabad, (India) according to 
standard methods18. After each set of 
experiments, for a given feed concentration, 
the setup is rinsed with distilled water for 30 
min at 4 atm to clean the system. This 
procedure is followed by measurement of 
pure water permeability (PWP) with distilled 
water to ensure that the initial membrane 
PWP is restored. The experiments are carried 
out for different feed concentrations (5, 50, 
and 150 ppm each of cadmium and nickel 
salts), feed flowrates (5, 10 and 15 L/min), 
applied pressures (4, 8, 12, 16 and 20 atm), 
and the corresponding RO  and JV are 
measured.
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Fig. 1 : Perma®-pilot scale membrane system. 

RESULTS AND DISCUSSION 
Effect of pressure 

Experiments are carried out to study the 
effect of pressure ranging from 4 to 20 atm at 
pH 5 ± 0.2 for both CdCl2-NiCl2-water and 
CdSO4-NiSO4-water system. The effect of 
applied pressure on Ni2+ and Cd2+ ions 
rejection are reported in Fig. 2 and Fig. 3 for 
CdCl2-NiCl2-water and CdSO4-NiSO4-water 
system, respectively. It can be seen from  
Fig. 2 that in the case of CdCl2-NiCl2-water 
system, the rejection of Ni2+ and Cd2+ ions 
increases with pressure and then stabilizes at 
higher pressures for the case of high feed 
concentrations and for low feed 
concentrations increase in pressure has less 
effect, which is in line with the trend 
reported in literature19,20. It can be seen from 

Fig. 3 that in the case of CdSO4-NiSO4-water 
system, the rejection increases with increase 
in pressure and reaches a limiting value 
depending on the nature of the co-ion (SO4

2). 
In the present study, the maximum removal 
efficiency of NF is observed to be 98% and 
85% for Ni+2 and 97% and 80% for Cd+2 
with 5 ppm CdCl2-NiCl2-water system and 5 
ppm CdSO4-NiSO4 water system, 
respectively. It can be seen from the Fig. 2 
and Fig. 3 that the rejection of Ni2+ and Cd2+ 
ions are higher in case of CdSO4-NiSO4-
water system than the CdCl2-NiCl2-water 
system at same pressure and concentration 
because the negative charge of the membrane 
caused higher rejection of a divalent anion 
than monovalent anion. As a result, salts with 
SO4

2- ion are rejected more than the salts 
with the Cl- ion4. 
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Effect of feed concentration 
It can be seen from Fig. 2 and Fig. 3 that 

the rejection of Ni2+ is higher than the 
rejection of Cd2+. An explanation for the 
experimentally determined rejection 
sequence can be found by comparing the 
diffusion coefficients of the different cations. 
The diffusion coefficients of cations Ni2+ and 
Cd2+ in water at 25ºC are 1.32 x 10-5 cm2/s 
and 1.44 x 10-5 cm2/s, respectively21. It is 
assumed that the diffusion coefficients in the 
membrane can be approximated by those in 
aqueous solutions. The order of diffusion 
coefficients is inversely reflected in the 
rejection sequence, so that diffusion seems to 
be an important transport mechanism. As the 
diffusion coefficient of Cd2+ is slightly 
higher than that of Ni2+, a high diffusion 
contribution may be expected resulting in a 
lower rejection. Similar trend were 
observed4.  

The effect of pressure on permeate flux 
at fixed pH was studied between 4-20 atm. 
The pure water flux was 7.28 x 10-5 m/s at 20 
atm. In the case of Cl- and SO4

2- salt systems, 
the flux is reduced to 5.60 x 10-5 m/s and 
4.20 x 10-5 m/s. Less than 2-4% difference in 

permeate flux was found   between Cl-  and  
SO4

2- salt  systems  at 20 atm.  Fig. 4 and 
Fig. 5 show  the  effect of  feed concentration 
and pressure on the permeate flux for Cl- and 
SO4

2- salt systems. The permeate flux 
increases linearly with increasing pressure, 
which indicates there is negligible 
concentration polarization in the membrane 
cell22,23. 
Influence of the solute concentration 

The influence of the concentration on the 
rejection of nickel and cadmium ions is 
studied at pH 5 while varying the pressure 
from 4 to 20 atm and the concentration 5 to 
150 mg/L at flowrate 15 L/min. It can be 
seen from Fig. 2 and Fig. 3 that the rejection 
of Ni2+ and Cd2+ decreases with increases in 
concentration because the cations shield 
effect on the membrane negatively charged 
groups became progressively stronger, 
leading to the decrease of membrane 
repulsion forces of the anions. It is a typical 
phenomenon of charged membranes23. The 
salt rejection decreases with increase in feed 
concentration, which is expected, in general, 
with RO/NF membranes22-27.  

    
  Fig. 2 : Influence of applied pressure on the     Fig. 3 : Influence of applied pressure on the 
    observed solute rejection of Cd2+ and Ni2+       observed solute rejection of CD2+ and Ni2+ 
ions for CdCl2-NiCl2-water system at different        ions for CdSO4-NiSO4-water system at 
           feed concentrations at feed flow                different feed concentrations at feed flow 
  rate 5 L/min.                   rate 5 L/min. 
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Effect of feed flow rate 
Fig. 6 and Fig. 7 show the effect of feed 

flow rate (5-15 L/min) on the rejection of 
Cd2+ and Ni2+ ions with change in pressure at 
5 ppm concentration. As the flow rate 
increases, the rejection of solute also 
increases. Similar results are found for the 
Ni2+ 16 and for the Zn ion22. Indeed, when the 
flowrate is lower, the interactions between 
membrane and solution would be more 
facilitated2. At constant feed pressure and 
concentration, the mass transfer coefficient 

increases with increase in feed flowrates 
which in turn reduces the concentration 
polarization and increase the rejection2.    

CONCLUSION 
In the present study performance of a 

Perma-TFC-NF-300 membrane has been 
studied to separate/reject heavy metals 
(nickel and cadmium) from aqueous binary 
solutions (CdCl2-NiCl2-water and CdSO4-
NiSO4-water). It is observed that the solute 
rejection depends on the solute type, 
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 Fig. 4 : Influence of applied pressure on the  Fig. 5 : Influence of applied pressure on the 
 permeate volume flux for CdCl2-NiCl2-water  permeate volume flux for CdSO4-NiSO4-water  
 system at different feed concentrations at  system at different feed concentrations at 
 feed flow rate 5 L/min. feed flow rate 5 L/min. 

   
 Fig. 6 : Influence of applied pressure on the Fig. 7 : Influence of applied pressure on the 
 observed solute rejection of Cd2+ and Ni2+  observed solute rejection of Cd2+ and Ni2+ 
 ions for CdCl2-NiCl2-water system at ions for CdSO4-Ni SO4-water system at 
 different feed flow rates and feed  different feed flow rates and feed 
 concentration 5 ppm  concentration 5 ppm 
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including charge valency, diffusion 
coefficient, applied pressure and feed 
concentrations. It is also observed that the 
rejection of cadmium and nickel ions 
increases with increase in applied pressure 
and decreases with increase in feed 
concentration at constant feed flowrate. 
Since the mass transfer coefficient increases 
with increase in feed flowrate, which in turn 
reduces the concentration polarization, the 
rejection increases as the feed flowrate 
increases at constant feed pressure. The 
maximum removal efficiency of NF is 98% 
and 85% for Ni+2 and 97% and 80% for Cd+2 
with 5 ppm CdCl2-NiCl2-water and 5 ppm 
CdSO4-NiSO4-water system, respectively.  
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